Abstract. The present study provides evidence of the antiasthmatic signaling activity of an aqueous fraction of green tea using specific in vitro and in vivo assays in an ovalbumininduced asthmatic model. Mice sensitized to ovalbumin were orally administered an aqueous extract of Camellia sinensis. The lungs of these mice were then examined by hematoxylin and eosin staining and ELISA analysis to measure cytokine expression. The aqueous extract of Camellia sinensis exhibited potent anti-asthmatic activity by increasing the expression level of tumor necrosis factor-ß and interferon-γ and decreasing the expression of anti-asthmatic cytokines in the lung. Together, these results indicate that the aqueous fraction of Camellia sinensis is effective in alleviating asthmatic symptoms by increasing the expression of Th1 cell-specific anti-asthmatic biomarkers.
Introduction
Camellia sinensis (Cs) or green tea is a well-known plant in the production of traditional and medicinal plant drinks throughout the world. Green tea is considered one of the most popular table drinks because Cs contains polyphenolic tannins, calcium, iodine, and ferrous ions (1) . Cs also has a beneficial effect on immunomodulatory activity that is attributed to dietary fibers and specific polyphenols (2) . The polyphenolic compounds in tea demonstrate potential antitumor and anti-oxidant effects in various cancer cell lines, including gastric, colon, and lung (3) .
In an early report, tea debris was shown to increase the symptoms of asthma (4) . Thereafter, in 1994, it was revealed that epigallocatechin-3-gallate (EGCG), a polyphenol, is a key mediator of asthma and the main causative agent of green tea-induced asthma (5) . Another report revealed that EGCG induces histamine release in patients with green-teainduced asthma-related disorders (6) and shows a significant correlation between the maximum percentage of histamine release and the threshold level of EGCG for intradermal skin testing. In some cases, potent anti-oxidant activity may increase the likelihood of developing allergic diseases and asthma (7) . In conflicting studies, gallic acid and EGCG in tea were found to alleviate allergen-induced asthma and atopic dermatitis in in vitro and in vivo models (8) (9) (10) .
In the present study, in the course of screening potent anti-asthmatic agents from natural sources, we found that the aqueous fraction of green tea had potential in alleviating asthmatic symptoms in vivo. The major finding of this study is that Cs exhibits anti-asthmatic activity in vivo by increasing the level of expression of tumor necrosis factor-ß and interferon-γ and by reducing the expression of asthmaticrelated IL-4 and IL-13.
Materials and methods
Animal care and experiments. Animal experiments were performed using mice weighing 25.5±2.5 g (Balb/c, male, Samtaco, Osan, Korea). Each mouse was housed in a single cage, and each group consisted of 5 mice. Animal care was performed as described previously (11, 12) . All procedures were performed in compliance with the Guiding Principles in the Care and Use of Animals (National Research Council, 1996) of the Animal Welfare Committee of Kyungpook National University. Animals received tap water and food ad libitum, and were maintained in a room under standard laboratory conditions (23˚C±1˚C and 50±5% humidity) with a 12-h dark/light cycle. The animal experiments, including ethical care, were performed under the strict guidance of the Animal Welfare Committee.
Preparation and fractionation of samples. Cs was obtained from a farm (SsangGyeJeDa) in Hadong, Kyungnam, Korea. The young leaves were incubated in an oven at 60˚C for 12 h, and then methanol extraction was performed on the dried leaves (1:1; v/v) for 18 h. The methanol extract was centrifuged at 2,000 x g for 10 min and the supernatant fractions were collected and stored at -70˚C until required. The supernatant fractions were freeze-dried and solubilized in methanol for in vivo assays. The samples were harvested from early to the middle of April 2006, and were identified by a senior staff member of the Kyungpook National University, Daegu, Korea. Voucher specimens of the plant were deposited in the Enzyme Biotechnology Lab, KNU.
Ovalbumin-induced animal model. Mice underwent ovalbumin (OVA) sensitization and challenge with Cs using previously described protocols with slight modifications (13) (14) (15) . In brief, OVA (100 μg/ml in a saline, sterile-filtered) was mixed with an equal volume of 10% (w/v) aluminum potassium phosphate (alum; Sigma), and its pH level adjusted to 6.5 with 10 N NaOH. Mice were sensitized by intraperitoneal injection with 100 μg/ml OVA on days 0, 7, and 14, followed by exposure to aerolized OVA or phosphate-buffered saline for 1 h on days 21 and 24. From day 14, oral administration with Cs extract (25 μg/ml) followed every 2 days for 2 weeks, thereafter histopathological examination of tissue samples was analyzed. Mice were analyzed by hematoxylin and eosin (H-E) and Periodic Acid Schiff (PAS) staining and by immunohistochemical analysis, as described previously (12) . All data were expressed as a mean ± standard deviation.
Reverse-transcription polymerase chain reaction analysis.
Total RNA was prepared from ~100 mg of lung tissue that was lysed and homogenized in 1 ml TRIzol ® Reagent (16). The total RNA was quantified by spectrophotometry at 260 nm (VICTOR3 spectrophotometer; Perkin Elmer, Wellesley, MA), and the RNA quality was examined by 1% agarose gel electrophoresis and ethidium-bromide staining. The RNA samples were then stored at -80˚C until required. The primers, which were synthesized by Bioneer Co. (Daejeon, Korea), are listed in Table I . Briefly, the first-strand of cDNA was reverse-transcribed from 500 ng of total RNA at 45˚C for 30 min, the samples were denatured for 5 min at 95˚C, and PCR amplification was performed with 32 cycles (TNF-ß and IFN-γ), 35 cycles (IL-10) or 27 cycles (GAPDH) of 45 sec at 94˚C followed by 45 sec at 57˚C for TNF-ß, IFN-γ, and GAPDH or 55˚C for IL-10, and then 60 sec at 72˚C. After amplification, 20 μl of each RT-PCR product was resolved by 1.5% agarose gel electrophoresis and visualized by ethidium-bromide staining. The predicted product was confirmed by comparison with a 1-kb DNA ladder (Solgent, Daejeon, Korea). The relative amounts of cDNA were normalized with respect to GAPDH expression using the Molecular Imager Gel Doc XR System and Quantity One 1-D analysis software (Bio-Rad, Philadelphia, PA) as previously described (17, 18) .
Immunohistochemistry and histopathology. Tissues were embedded in paraffin, cut into sections 4-6 mm, and set overnight on a slide warmer at 37˚C. Paraffin was removed by dipping slides in xylene three times for 10 min. Xylene was removed by passing sections through serial dilutions of ethanol from 70-100% for 60 min. After washing, and peroxidase bleaching, H-E staining was performed as previously described (19, 20) . Lung tissues were fixed for 24 h in a 10% neutral buffered formalin solution, and processed for immunohistochemical analysis. Tissue sections were treated with 10% normal goat serum for 1 h at room temperature to block non-specific binding. Slides were subsequently incubated overnight at 4˚C with rabbit anti-IL-4, anti-IL-13, or CD4 antibody (SantaCruz Biotechnology; 1:200) (12, 13) . PAS staining was performed using previously described protocols (20) .
Statistical analysis. Statistical significance was calculated using the Student's t-test method for independent means and the Microsoft Excel program (21) . The critical level for significance was set at p<0.05.
Results and discussion
The anti-asthmatic activity of the aqueous fraction of Cs was investigated in vivo using an ovalbumin (OVA)-induced asthmatic mouse model. Mice were sensitized by intraperitoneal injection with 100 μg/ml OVA on days 0, 7, and Table I . Oligonucleotide primers used for PCR reactions.
14, followed by exposure to aerolized OVA or phosphatebuffered saline for 1 h on days 21, and 24 (data not shown).
In these experiments, mice in the test group were orally administered the aqueous fraction of Cs (25 μg/ml) on day 14 and every 2 days for 2 weeks. The tissues of test and control mice were prepared for immunohistopathological analyses. , and IgE (C) levels were determined using ELISA, as described previously (12) . OVA, ovalbumin treated (100 μg/ml); Cs, 25 μg/ml of aqueous extract of Camellia sinensis. * Significant difference compared with control, p<0.05. ** Significant difference compared with OVA, p<0.05.
H-E staining showed no staining of cells in the tissue of untreated mice (Fig. 1a) . By comparison, ovalbumin-treated lung tissue showed many immune-positive cells around epithelial cells (Fig. 1f) . PAS analysis revealed similar patterns ( Fig. 1b and g ). These results strongly suggest that, as expected, OVA treatment induces asthmatic symptoms in the model system, resulting in the potential for strong mucus production (Fig. 1g , arrows, and data not shown). The administration of aqueous extracts of Cs at 25 μg/ml resulted in a reduction in the number of immune-positive cells (Fig. 1k) . The arrow head shown in Fig. 1l reveals indirectly that mucus production was markedly reduced in the lung tissues. The total number of immune cells was markedly lower in the group treated with Cs than in the group with OVA-challenged lung tissues ( Fig. 1k and l) . In asthma, the status of the Th1 and Th2 cell populations has a pivotal role in immune cell differentiation by modulating the balance of the immune cell population. Th1 cell populations have a higher number of CD4 + cells than CD8 + cells, and the opposite is seen for Th2 cell populations. For this reason, the balance of the Th1 and Th2 cell numbers is important for the homeostasis in the human body. In the present study, we performed immunohistochemical analyses using a CD4 monoclonal antibody to determine whether CD4 + was expressed in immune cells associated with lung tissues. The total number of CD4 + cells in control mice was very low compared with the number of CD4 + cells in tissue samples of OVA-challenged mice (asterisks in Fig. 1h ). By comparison, Cs treatment markedly reduced the number of CD4 + cells (Fig. 1m) , which is consistent with the pattern of expression indicated by H-E analysis (Fig. 1f, and k) and PAS staining (Fig. 1g, and l) . Similarly, immunohistochemical analyses revealed a marked reduction in the number of IL-4-positive cells in tissue samples from the Cs-treated group compared with the number of IL-4-positive cells in equivalent samples from the OVA-challenged group (asterisks in Fig. 1i ). The expression of IL-13 is also markedly reduced in Cs-treated tissues compared with OVAinduced tissues (Fig. 1j and o) .
To confirm our finding that asthma-related cytokines decrease as a result of Cs treatment, the expression levels of IL-4 and/or IL-13, along with the level of IgE, were measured by ELISA (12, 22) . The serum level of IL-4 was 91.5±20.9 pg/ml in the control group and 235.1±98.9 pg/ml in the OVA alone group. This 2.5-fold increase in the level of IL-4 may be associated with the OVA-induced response of the immune cells. Treatment with an aqueous extract of Cs decreased the IL-4 level to ~45% of the level found in OVA alone group (Fig. 2A) . We observed a 52% decrease in the level of IL-13 expression in the group treated with OVA plus Cs (Fig. 2B) . As confirmed by IgE expression levels, ELISA analysis revealed that Cs induces a decrease in the expression of asthma-related molecular markers in the OVA-challenged mouse model by ~77% (Fig. 2C) . We assessed the expression of TNF-ß, IFN-γ, and IL-10 by RT-PCR in the OVAchallenged group and the Cs-treated group (Fig. 3) . It is known that the Th cell population expresses high levels of TNF-α and TGF-ß1 (23) (24) (25) . To investigate the mechanisms underlying the involvement of TNF-α and ß in the Th1 cell population, we examined the expression levels of TNF-α and ß mRNA. As shown in Fig. 3 , notably, OVA-exposure induced classical asthmatic symptoms in mice resulting in the down-regulation of TNF-ß expression (lane 1). This phenomenon is also confirmed by the expression of IFN-γ and IL-10 ( Fig. 3, lanes 2 and 3) . Treatment with the Cs extract reversed the OVA-induced down-regulation of TNF-ß (Fig. 3, lane 1) . By comparison, the expression of IFN-γ and IL-10 was up-regulated by treatment with the Cs extract by 2.56-and 5.73-fold, respectively (Fig. 3, lanes 2 and 3) .
It is well-known that green-tea extract has potential activity against tumor progression and immune diseases by triggering the immunomodulatory signaling network (26) . Although anti-asthmatic markers are associated with specific cytokines in immunologically stimulated cells (27) , the relationship between anti-asthmatic markers and cytokines remains unclear. For this reason, we investigated the effect of green-tea extract on the homeostatic balance of immune cells during the onset of asthma via Th1 and Th2 cells. The present data show that green tea extract alleviates asthmatic symptoms by inducing an increase in Th1-cell-specific biomarkers and by decreasing the expression of Th2-cellspecific cytokines. The cytokines IL-17 and IL-31 are expressed during the asthmatic response in immunestimulated cells (28) . In the present study, we found no difference in the levels of expression of IL-17 and IL-31 by RT-PCR analysis between the OVA-treated group and the Cs-treated group (data not shown).
In summary, we demonstrated that an aqueous extract of Cs exerts anti-asthmatic activity by alleviating asthmarelated cytokine activity through increasing the expression level of TNF-ß and IFN-γ and by decreasing the expression level of anti-asthmatic cytokine IL-4 and IL-13 in the lungs.
Investigations into the precise mechanisms underlying the asthmatic response either by manipulation of anti-asthmatic activity or by amelioration of asthma-related molecular signals, may lead to the development of new anti-asthmatic agents, including those of food-based origin. The present study highlights the need for future investigations to focus on the collection and purification of potential anti-asthmatic compounds or components from Cs extracts for eventual therapeutic application. RT-PCR analysis of the expression profiles of TNF-ß, IFN-γ, and IL-10 in lung tissues. The lung tissues were prepared and lysed for the isolation of RNA. The PCR primers were designed and the detailed procedures are shown as described previously (12) . OVA, ovalbumin treated (100 μg/ml); Cs, 25 μg/ml of an aqueous extract of Camellia sinensis.
